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and lift to drag ratio) wasThe cruise parameter (product of Mach number 
a maximum close to airfoil design point. The configuration was found 
to be -postively stable with normal control. effectiveness about all three 




The span-distributed load (Spanloader) concept recently has received


considerable attention as a promising approach towards future large, all­
cargo aircraft (refs. 1 - 4). In this concept, the payload is contained 
within a thick wing and uniformly distributed spanwise to largely balance


the lift distribution and thus reduce bending stresses. The resulting


improvement in structural efficiency allows higher payload fraction than


possible with conventional wing-fuselage designs. Additionally, the use


of an untapered, untwisted wing having uniform section enhances the


commonality of parts and results in economical manufacture.


Crucial to the success of this approach are efficient, supercritical


type airfoils of thickness ratio in the order of 0.2. Little research


background or design experience exists in this area; also, the high-lift 
capability, stability, control and Mach number effects on the performance 
of tail-less thick wing configurations are relatively unknown. 
Wind tunnel tests were carried out on a representative spanloader


model in order to acquire a preliminary data base and to uncover any 
aerodynamic peculiarities of such configurations needing further study.


Six-component balance measurements were performed at subsonic Mach numbers


up to the buffet limit. Wing-pod filleting, airfoil modification, pod/wing


interaction, trailing-edge deflection, tip-fin effectiveness and lateral­

directional stability and control were also explored. This report









The data are referred to the stabilityraxis system with the moments 






b wing span (1.452 m)


CD drag coefficient, Drag/q.S


CL lift coefficient, Lift/q.S


C1 rolling-moment coefficient, Rolling moment/q.S.b


C rolling-moment due to sideslip, @C1I/ per degree


C pitching-moment coefficient, Pitching moment/q.S.c


C yawing-moment coefficient, Yawing moment/q.S.b


C yawing-moment due to sideslip, DCn/B per degree


Cy side-force coefficient, Side force/q.S


C y side force due to sidpslip, DC¥/DO per degree 
c chord (6.58 cm) 
q free stream dynamic pressure 
S reference area of wing (0.191 m2 
L/D lift-to-drag ratio 
M free-stream Mach number 
R Reynolds number based on chord 
c 
a angle of attack, degrees 
B angle of sideslip, degrees 











ET elevon, tip 
F1 flap, inboard 
F2 flap, outboard 




The model (Fig. IA) represented on a 1/100 scale a conceptual tail-less 
configuration with 30Q swept-back, untwisted, constant-chord wing. In 
addition to the center-body (sized to accommodate the balance) the wing 
carried two axi-symmetric pods (length to diameter ratio 8). The outboard 
pods close to the wing tips carried the vertical tails. Three different 
pairs of vertical tail were available (Fig. 1B). The entire trailing 
edge of the wing was occupied by flaps and elevons of 20 percent chord. 
The propulsion system was represented by a total of eight engine nacelles 
(through-flow type) mounted over the wing on swept-forward pylons. 
The 20 percent thick (streamwise) cambered airfoil (Fig. 1C) was 
designed for a small positive zero-lift moment and also to be free of 
separation or wave drag at M =.6, =.4, R =90 x l0in two­
dimensional flow (see page 18 for airfoil co-ordinates). The low-moment 
requirement distinguished the present airfoil from the well-known Whitcomb 
aft-loaded profiles which have a relatively high negative zero-lift moment


and therefore not suited for use on tailless aircraft. It was also 
anticipated that the Spanloader would utilize active control technology; 
accordingly, the present design aimed for neutral stability about the


center-of-gravity located 30.35 cm aft of the center-body nose, which is 
the aerodynamic center as calculated by vortex-lattice theory (ref. 6).


APPARATUS, TESTS AND CORRECTIONS 
This investigation was carried out in the Langley 7- by 10­













Tests were done over a Mach no. range of 0.3 to 0.725 which corresponds


to a Reynolds no. range of 1.1 x 106 to 2.04 x 106 based on wing chord.


The angle of attack was varied from -2 ° to a maximum of +180, at sideslip 
angles of 00 and +4° . The angles of attack and sideslip have been 
corrected for balance and sting bending due to aerodynamic loads. The


axial force measurement of the balance was adjusted to a condition of 
free-stream static pressure acting on the base of the model. Transition


strips*0.82 cm in width of # 100 carborundum grains were placed at 1.52 cm 
streamwise aft of the leading edge of wing and vertical tails, and also 
at an axial distance of 3.05 cm from the nose of the center-body and pods. 
A photograph of the complete model configuration mounted in the 
tunnel test-section is shown in Fig. 2.


PRESENTATION OF ESULTS 
The basic longitudinal characteristics are graphically presented in 
Figs. 3 through 19, followed by lateral-directional characteristics in 
Figs. 20 through 27. The tabulated data will be found following page 25. 
Analysis plots prepared from these basic data to illustrate principal 













The wing-body and wing-pod junctions on the original model were not 
provided with fillets. The drag-reduction potential of fairing these


junctions was briefly investigated. Body-putty was used to form the


fillets to an arbitrary but reasonably smooth shape; no record of the


fillet geometry is available.


As seen from the L/D data in Fig. 3 the result of the first trial


(labelled "large" fillets) was negative. A second attempt with reduced­
size fillets (labelled "small") however produced an 8 percent gain in


(L/D)ma x at M = 0.3 (somewhat less at M = 0.5). The-drag increment due 
to the two types of fillets is compared in Fig. 28. Note that the 
effectiveness of the "small" fillets is lift-dependent reaching a maximum 
at about CL = 0.4, whereas the drag improvement at zero-lift is relativel 
small. Although the data are limited and probably Reynolds no. sensitive,


they are illustrative of the drag-reduction potential of optimum fillets.


A rational procedure for fillet design aimed at the cruise condition may








An oil-flow test at a = 2 revealed a spanwise outflow on the wing 
upper surface over the rear 25 percent chord (Fig. 29A). This type of 




with three-dimensional boundary layer separation. In an attempt to 
eliminate this low angle-of-attack separation a simple modification of 
the airfoil was tried: the concave portion on the upper surface was 
filled in to the trailing edge producing a flat tangent surface (see


Fig. 1C). Subsequent oil-flow visualization showed a greatly reduced


outflow (Fig. 29B), implying that this modification had successfully


alleviated separation. As a consequence, a 15-count reduction in zero­







A brief computational study using a two-dimensional airfoil


analysis method (Korn-Garabedian including boundary layer) was performed 
to check the above experimental finding, and also to assess the profile 
modification at design condition and at full-scale Reynolds number. The 
calculated results are presented in the following Table: 
x 10 6 	 Re = 90 x 10 
6 
R = 1.6c 	 c


M C Original Modified Original Modified
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Calculations at Rc = 1.6 x l06 (the test Reynolds no.) predicted 
upper-surface separation close to the experimental position on the
 

original airfoil, and also its observed movement towards the trailing


edge on the altered profile. A corresponding drag reduction was also


obtained in the calculation, although it should be noted that drag


computation in presence of separation is questionable (see for example 
ref. 5). According to calculation at fill-scale Reynolds no. (90 x 106), 
the original profile already was separation-free and yet the modification


yielded significant drag reduction in all cases (with the sole exception


of the design point, where the drag was unchanged). This improvement 
however was accompanied by a nosp-down pitching moment, to be expected


from a partial removal of the negative aft-end camber by the profile 
modification. In an attempt to counter this adverse effect the under­
surface concavity also was filled in, and the resulting profile analyzed 
at the design point. This indicated a C improvement (Fig. 30) with nom 
change in C . Subject to experimental validation, these calculations 
indicate some scope for simplification of the present airfoil geometry 
without materially affecting its cruise-point performance. 
At the conclusion of the airfoil-modification tests, the fill-in 
was removed and the wing returned to its original section; all other 




Starting with the plain wing plus center-body, successive additions


of pods, vertical tails and engine nacelles were tested. The most


noteworthy change observed was that due to the addition of pods. As


seen in Fig. 31, a pod effect distinctly appears at about a = 70 to the 
benefit of lift-curve slope, lift-dependent drag and, more significantly,


pitch stability. The pitch-up typical of swept wings is reversed into


a nose down moment. The pods presumably control wing flow separation


particularly near the tips, possibly through forebody lee-side vortices
 

which come into effect at a particular angle of attack. A more detailed


study of the pod effect appears worth while with a view to its exploitation 






The three vertical-tail designs (Fig. 1B) were tested at toe-in






The results are shown in Fig. 32 and compared with tail-off (L/D) max * 
The vertical tails with symmetrical section (VT1 and VT2) show the 
most effect of toe-in; the optimum toe-in angle appears to be about 1.5 
degrees. The vertical tail (VT3) having a cambered blunt leading-edge


airfoil is relatively insensitive to toe-in, as might be expected. The


(L/D) of the configuration is about the same with all three vertical­
max 









Lift'and pitching-moment increments due to trailing-edge controls


deflected in various combinations of flaps and elevons are presented 
in Fig. 33. These data indicate a trim point with 300 flaps and all 






is plotted against angle of attack in Fig. 34. The usable CL with this flap 
deflection falls cpnsiderably short pf required CL = 1.0 estimated for zero­
rotation take off and approach at 30 glide-slope (assuming 130 knots speed 
and 55 p.s.f. wing loading). From the trends of ACL and AC with flapm 
deflection Pt 6F = 30 , an increase in trimed CL of about 0.1 appears 
probable with 400 flaps. Note that these indications are based on data 
without ground effect (an important consideration on the Spanloader) or


Reynolds number influence. Both these effects need investigation for a


more realistic assessment of the high-lift capability of the configuration.


A feature of the trailing-pdge deflection data is the indicated


(L/D) gain over the zero-deflection case, noted in several instances (see

max 
Figs. 12 to 16). This effect is presumably related to favorable changes in


spanwise lift distribution produced by certain combinations of flaps and


elevon deflection, where the resulting decrease in induced-drag exceeds


the profile-drag increment. Within the scope of the available data


however, such favorable instances do not coincide with a trimmed condition.


The effect nevertheless appears worth studying in greater detail with a


larger number of trailing-edge segments and smaller deflections, and


including the cruise Mach number.


Mach Number Effects 
The variation of drag coefficient with Mach number at various list 
coefficients is shown in Fig. 35. The drag-rise Mach number (at dCD/dM = 




The maximum L/D as a function of Mach number is shown in Fig. 36. 
Applying the usual Reynolds -number extrapolation to the skin-friction 
drag indicates that these (L/D)ma x values will be roughly doubled at 
full scale (Re = 90x106). The C at (LD) varies but little from 0.4 c -max -~. 
over the Mach number i'ange. The mpximum in cruise-efficiency paramet.er 
M.L/D, also shown in Fig. 36, occurs surprisingly close to the airfoil 
design point in spite of the large difference between the test and the 
design Reynolds numbers. 
A Mach number effect on the longitudinal stability is discernable 
in Fig. 19. A distinct pitch-up is first observed in M = 0.5 data,­
and with further increase in Mach number the pitch-up onset occurs 
progressively earlier in CL and also grows in severity. 
A systematic rolling-moment variation with angle of attack was 
noted in the zero-yaw tests (Fig. 20). The rolling moment probably 
arises from a minor roll misalinement in the model mounting, such that 
one wing panel is effectively at a slightly higher angle of attack than 
the other. This ultimately leads to asymmetric stall and a sudden 
reversal in the rolling moment, providing a convenient means for identi­
fying the onset of flow separation from balance data. 
A summary of Mach number effects is presented in Fig. 37. The 
boundaries in this C versus Mach number plot are based on various 
limiting features deduced from balance data. At Mach numbers up to 0.5 
the usable (untrimmed) lift coefficient is considered to be limited by 




M > 0.5, pitch-up instability limits the usable CL (pitch-up at lower Mach


numbers presumably occurs beyond the CL range of the data). The drag rise


Mach -numberboundary represents the-cruise performance limit.


The location of target cruise point relative to constant-M.L/D 
contours in Fig. 37 suggests that some increase in Mach number may perhaps 




The lateral stability parameter C obtained from tests at +4 degrees


sideslip is plotted versus CL in Fig. 38 for Mach numbers 0.3 and 0.6.


The effects of successively adding nacelles and vertical tails (VT3) to


the podded wing are shown here. The changes in lateral stability


characteristics produced by the addition of nacelles (and their support


pylons) are relatively large and complex, and also quite different at


the two Mach numbers. It may reasonably be expected that these changes


are related to interference of forward-mounted pylons with the wing flow.


Addition of vertical tails has a small favorable effect. The complete


configuration is found to possess lateral stability throughout.
 

The directional stability parameter C is plotted -versus CL at the


two Mach numbers in Fig. 39. The destabilizing effect of adding nacelles


to the podded wing is noted. The further addition of vertical tails (VT3)








A number of aileron-deflection combinations (sketched on top of








only, inboard ailerons only, both tip and inboard ailerons, right and 
left ailerons deflected in opposition as well as differentially together.


The average rolling-moment increment for all the nine cases show a good


correlation with the effective aileron deflection angle 6A (as defined


in the figure) giving S01/A = .0005 per degree up to 6A = 400. The








The directional control due to all-moving vertical tails is shown 
in Fig. 41. The 75% larger area of VT2 produces a proportionately 
greater rudder power than VT1. Between vertical tails of identical 
planform and area, the one with cambered airfoil (VT3) generates about 
38% higher control power. All three vertical tails produce essentially 






1. 	 Proper filleting of the wing-body and wing-pod junctions significantly


improved the configuration (L/D)max*


2. 	 Flattening of the concave upper-rear part of the airfoil largely
 

controlled the flow separation observed in that region at small


angles of attack and produced (L/D)max increment. Two-dimensional 
airfoil analysis indicated that the observed separation was a low


Reynolds number effect. At full-scale Reynolds number (with no


separation on the original airfoil) the predicted effect of this


modification is to produce an undesirable nose-down moment; however, 
by flattening the concavity in the rear lower surface also, the 
theoretical drag and pitching-moment characteristics of the original 
airfoil at design-point are recovered.


3. 	 Addition of pods improved the longitudinal characteristics of the 
plain wing above a' angle pf attack, and in particular eliminated 
the pi-tch-up instabi'lity. 
4. 	 Wing-tip vertical tails of cambered airfoil section required no toe-in 
for best (L/P) of the configuration and also had better directional 
max 
control effectiveness than tails of symmetrical section.


5. 	 With 300 flap deflection (maximum tested) the trimmed lift coefficient 
(in absence of ground effect) was considerably short of the estimated 
requirement for zero-rotation take off. 




 design point (CL = 0#4; M 0.6) with adequate margins before


pitch-up and drag rise.


7. 	 The configuration exhibited positive lateral and directional


stability with normal roll and yaw control effectiveness 'in the Mach 










1. 	 "Technical and Economic Assessment of Span-Distributed Loading 
Cargo Aircraft Concepts" by David H. Whitlow and P. C. Whitener, 




2. 	 "...(same title)..." by William M. Johnston et al. The Lockheed-'


Georgia Company. NASA CR-145034, 1976.


3. 	 "... (same title)...",.Anon., McDonnell Douglas Corporation. NASA 
CR-i44962, 1976. 
4. 	 "Technical and Economic Assessment of Swept-wing Span-distributed


Load Concept for Civil and Military Air Cargo Transports".








5. 	 "The Aerodynamic Design of an Advanced Rotor Airfoil" by James A. 
Blackwell Jr. and Bobby L. Hinson. NASA CR-2961, 1977. 
6. 	 "Subsonic Aerodynamic Characteristics of Interacting Lifting


Surfaces with Separated Flow around Sharp Edges predicted by


a Vrte Lattice Method" by John E. Lamar and Blair B. Gloss.


NASA TN D-7921, 1975.


7. 	 "Use of Grit-Type Boundary Layer Transition Trips on Wind Tunnel Models." 
Braslow, Albert L.; Hicks, Raymond H. and Harris, Roy V., Jr..


NASA TN D-3579, 1966.


UPPER SURFACE LOWER SURFACE


x/c z/c x/c z/c x/c Z/c x/c Z/c 
0.00000 0.00000 .21686 .10933 0.00000 0.00000 .22314 -.07518 
.00021 .01561 .23739 .11184 .00379 -.01515 .24261 -.07644 
.00626 .03330 .25804 .11392 .01374 -.03097 .26196 -.07756 
.01057 .03979 .27875 .11556 .01943 -.03629 .28125 -.07853 
.01512 .04417 .29963 .11681 .02488 -.03951 .30037 -.07945 
.01971 .04823 .34145 .11793 .03029 -.04241 .33855 -.08104 
.02434 .05205 .38248 .11762 .03566 -.o45o6 .37752 -.08232 
.02906 .05539 .42328 .11607 .04094 -.04723 .41672 -.08309 
.03386 .05837 .46397 .11334 .o4614 -.04906 .45603 -.08332 
.03872 .0616 .50421 .10935 .05128 -.05072 -4-9579 -.08267 
.o4364 .06380 .54441 .10401 .05636 -.05225 .53559 -.08103 
.o4861 .06629 .58431 .09698 .06139 -.05365 .57569 -.07787 
.05361 .06863 .62396 .08812 .,o6639 -.05494 .6160 -.07297 
.05865 .07085 .66353 .07781 .07135 -.05615 .65647 -.06655 
.06372 .07296 .68313 .07213 .07628 -.05728 .67687 -.06278 
.06882 .07496 .70277 .06623 .8118 -.05834 .69723 -.05869 
.97393 .07687 .72247 .06034 .o86ot -.05933 .71753 -.05455 
.079o4 .07868 .74211 .05452 .09096 -.o6027 .73789 -.05o40 
.o8414 .08041 .76165 .04848 .09586 -.06116 .75835 '.o4587 
.08923 .08208 .78128 .o4313 .10077 -.06201 .77872 -.04183 
.09431 .08368 .80085 .03761 .10569 -.06282 .79915 -.03737 
.10446 .08668 .82047 .03265 .11554 -.06432 .81953 -.03315 
.i146o .08950 .84022 .02803 .12540 -.06570 .83976 -.02897 
.12474 .09213 .86007 .02353 .13526 -.06698 .85993 -.02467 
.13490 .09458 .88000 .01961 .14510 -.06814 .88000 -.02079 
.14509 .09693 .89998 .01592 .15491 -.06928 .90002 -.01708 
.15531 .09910 .91996 .01277 .16469 -.07030 .92004 -.01383 
.16554 .10109 .93994 .00956 .17446 -.07122 .94006 -.oo44 
.17577 .10304 .95995 .00690 .18423 -.07217 .96005 -.00750 
.18603 .10481 .97997 .00435 .19397 -.07301 .98003 -.00465 




NASA LANGLEY 7 x 10 TUNNEL RUN SCHEDULE ('SPANLOADER" TEST # 996) 
M 6F1 SETR 6EIR 6ETL 6E1 L Pods Nac. VT 6VT CommentsRun No. F2 

1 0.3 0 0 0 0 0 0 On On VT1 0 No fillets 
2 0.4 (Runs i, 2 and 3) 
3 0.5

4 0.3 Large fillets on


5 o.4 through remainder 
6 0.5 of runs 



























17 -15 - -15 -15 -15 
18 -10 -10 -10 -10 
19 -5 -5 -5 -5 
20 0 -5 0 -5 
21 0 0 0 0 0 0 Airfoil upper surface 
22 o.4 modified in runs 21, 
23 0.5 1 1 22 and 23 only.








Run No. M F1 F2 SETR 'EIR 'ET L 'EI L Pods Nac. VT 6VT Comments 
25 0.3 0 0 -10 0 -10 0 On On VT1 0 
26 
-10 0 -10 0 
27 
-15 0 -15 0 
28 
-15 -15 -15 -15 
29 
-10 -10 -10 -10 
30 
-5 -5 -5 -5 
31 0 -5 0 -5 
32 0 -10 0 -10 
33 0 -15 0 -15 
34 5 0 5 0 
36 
35 
10 f 5 10 IRepeat of' Run 34 N 
37 15 1 15 
38 15 15 15 15 
39 . -. --- Void 
4o 10 10 10 10 
41 5 5 5 5 
42 0 5 0 5 
43 10 0 10 
44 15 0 15 
45 5 10 5 
46 1 0 10 10 
47 5 10 15 10 




Run No. M 6F1 6F2 6ETR 6EI R 6ETL 6EI L Pods Nac. VT 6VT Comments 
49 0.3 0 0 0 0 0 5 On On VT1 
50 0 0 5 5 
51 -15 0 15 0 
52 -10 0 10 0 
53 -10 -10 10 10 
54 0 0 0 0 1 Rudder control 
55 3 effectiveness 
56 5 tests 
57 -5 
58 -3 
59 -1 I') 
6o +1) Toe-in tests 
61 +3 
62 +5 
63 0.2 o 0 0 
64 0.3 VT3 0 
65 5 0 
66 -5 
69 +1 
70 VT2 0 
71 1 




Run No. M 6F1 6F2 &ETR SEIR dETL 6BEI L Pods Nac. VT 6VT Coments 
73 0.3 0 0 0 0 0 0 On On VT2 5 
74 -5 
75 





81 0.3 Off. 
82 o.4 . .. ..- .. . ..-..-- Void 







NASA LANGLEY 7 x 10 TUNNEL RUN SCHEDULE (SPANLOADER, TEST NO. 14) 
Run No. M VT Nac. Pod _ Comments 










11 0.700 V 
12 0.3 VT3 3.63 
13 0.6 
14 o.65 
15 0.675 I 
16 0.625 :00 
17 0.3 -. 23 




TEST 14 CONTINUED 
Run No. M_ VT Nac. 
-Pod 
- Comments 

























Run No. M VT Nac. Pod _ Comments 










52 0.675 \ 
53 0.3 VT3 
54 0.5 
55 0.6 
56 0.625 0 
57 o.65 
58 0.675 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL
 

996 RUN I 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRMISA) CYM(SA) CSF(SA) 
PA DEG DEG 
.299 6018.6 .13 -.00 .09395 .02004 .01063 .00118 -.00034 .00486 
.300 6052.6 -4.08 -.00 -. 18777 .02359 *01078 .00106 -.00044 .00500 
.302 6122.7 -1.94 -.00 -.04069 .01958 .00858 .00092 -.00036 *00482 
.300 6050.0 .17 -.00 .09614 .02014 .01025 .00131 -.00035 .00488 
.300 6046.8 2.26 -.00 .23635 .02446 .01028 .00131 -.00031 .00461 
.300 6047.9 4.44 -.00 .38244 .03267 .01004 .00087 -. 00037 .00509 
*300 6037.1 6.63 -.00 .53125 .04484 .00779 .00081 -.00042 .00568 
.299 6017.4 8.79 .00 o67460 .06075 .00574 .00143 -.00042 .00565 
.299 6017.9 10.99 .00 .81206 .08145 .00514 .00141 -.00045 .00553 
.299 6009.1 13,20 -. 00 s93515 .10785 °00278 .00063 -000018 .00585 
*300 6061.9 15.43 -.00 1.04912 .14228 -.00739 .00070 -.00037 .00561 
.300 6044.4 17.48 .02 1.11524 .19455 -.02195 -.00485 -.00615 .01715 
.300 6046.9 .12 -.00 .09968 .02002 s01083 .00098 -.00040 *00471 
0 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 
996 RUN 2 
MACH Q ALPHA BETA CL(SA) &lCDSA) CPMCSA) CRM(SA) CYM(SA) CSF(SA) 
PA DEG DEG 
.401 10313.8 .24 -.00 ,11215 a02023 .01114 .00115 -.00037 .00485 
.400 10238.5 -4.26 -.01 -. 19747 .02382 .01085 .00073 -.00047 .00514 
.400 10263.4 -1.97 -.01 -.03637 .01922 .00887 .00078 -.00039 .00496 
9401 10273o0 .28 -.00 .11063 a02014 .01149 .00108 -.00040 e00486 
.400 10249.8 2.55 -000 *26492 *02552 .01135 00081 -.00035 .00479 
a399 10207.4 4.87 -.00 a42776 a03533 .01073 .00045 -00042 .00540 





















.399 10194o9 14ol0 .00 .99076 o12777 -.00146 .00079 -.00041 .00490 
9399 1019106 15o62 .02 1.04438 .15760 -,00972 .00230 -900052 .00332 
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NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL


996 RUN 7 
MACH a ALPHA BETA CL(SA) CO(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
PA DEG DEG 
0300 6026.7 .27 -000 .20948 *02440 *01103 .00067 -.00021 ,00464 
.299 5991*5 -3.76 -.00 -.06613 .02Z04 .00986 .00089 -.90024 .00492 
.oo 6000.8 -1.64 -.00 .07854 s02145 *00977 900078 -.00024 .00487 
.300 6008.2 .71 -.00 .2,4r249 *02556 .01100 .00097 -.00020 .00505 
.300 6,009.5 2.45 -. 00 .36502 ,03164 °01129 *00130 -.00023 .00513 
.299 5988.4 4.79 -*00 *53162 *04377 .01011 .00145 -.60036 *00561 
.299 5974.3 6.92 -.00 o67680 .05883 .00785 .00173 -.00036 .00580 
.Z99 5982.4 9.20 ,00 .82333 .07883 .10757 .00291 -.00048 .00601 
.299 5985.4 11.11 .00 o92961 .09853 *01124 .00254 -.00047 .00604 
.300 5998,8 13,41 -001 1.05644 .12910 .00522 o00030 -.00024 600690 
.300 6001.8 15.57 -.00 1.16007 *16490 -.00821 .00001 -.q0062 *00621 
.299 5992.1 16.56 .00 1.19098 .18377 -401398 .00032 -.00089 .00578 
.300 6016.2 .28 -.00 .21860 .02463 .01223 .00055 -.00024 .00533 
NASA LANSLEY 7 X 10 HIGH SPEED TUNNEL 
996 RUN 8 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
PA DEG 0EG 
.300 6012.3 *43 *.00.341.15 .,03359 .01570 .00139 -.00023 .00522 
.300 6007.1 -3,.89 -.01 *.34.30 .02.674 .01461 .00147 -.00024 .00516 
.300 6010.0 -1*.65 -001 .15906 .02812 .01562 .00112 -,00022 .00517 
*3D00 6011.4 .46 -o00 *.34491 *03368 401629 .00131 -.00022 .00510 
.300 59'97.5 '2.57 -.00 .49554 .04286 .01572 .00162 -.00028 .00537 
.300 6009.6 4.69 -.00 v64002 *05578 *01375 .00197 -.00036 .00580 
.300 6007.2 7.03 -.00 .79376 *07401 .01190 900169 -.o0041 .00566 
.300 5993.3 9.13 .00 .91805 .09318 .01238 .00191 -. 0048 .00572 
.299 5992.2 11.28 .00 103341 .11734 .01341 .00181 -. O032 .00594 
.300 6019.5 13.46 -.00 1.14879 .14883 .00581 .00055 -.90026 .00609 
9300 6021.6 15.74 .00 1.23817 *18895 -o00616 *00026 -. oo89 °00573 
































































































































































































































































































































































































































































-1.77 -. 0 0 
 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-. 00056 o00472 
-,00048 o00428 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-. 00062 .00422 
-.00018 .00393 
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0 .300 6061.3 
.300 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ALPHA BETA CL(SA) 
DEG DEG 
-4.06 -. 33 -48.02422 
 
-.46 .01 .14169 
 
-4*64 -.01 -. 14168 
 
-2.53 -.00 .00278 
 
-o42 .01 .14437 
 
1,71 .02 .29296 
 
3.87 903 s44338 
 
6.05 .05 .59654 
 
8.24 .06 .74675 
 
10.43 .07 .87962 
 
12o65 ,07 100694 
 
14,85 .09 1.12032 
 
16.91 	 .10 1.20210 
 











.ii -.00 .08812 
 
-4.13 -. 01 -. 19565 
 
-2.00 -. 01 -. 05047 
.10 -. 00 ,08715 
 
2,24 -. 00 .23069 
 
4.39 .00 .37840 
 
6.59 .01 .53197 
 
8.76 ,01 .68010 
 
10.96 .02 .81460 
 
13.18 .01 .94279 
 
15.40 .02 1.05794 
 
17.46 	 .03 1.14205 


























































































































































































-. 00029 .00218 
-. 00048 .00192 
-.00076 .00194 
-. 00064 .00209 
-. 00086 .00227 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































996 RUN 72 
MACH 0 ALPHA BETA 
PA DEG DEG 
.300 5998.5 .11 c00 
.300 5993.8 -4909 .00 
.300 6004.0 -1.97 .DO 
.301 6023.0 015 .00 
.300 6000.8 2.28 .00 
o300 6021.6 4.45 .00 
.300 6004.4 6e62 .01 
.300 5995.2 8.81 .01 
.300 5993.3 11,01 001 
.300 5992.0 13.22 .01 
.300 5991.3 15,43 .01 
.300 6001.1 17.48 .02 
•300 6009.7 .13 .00 
D0OORQ Zis 
NASA LANGLEY 
996 RUN 73 
MACH 0 ALPHA BETA 
PA DEG DEG 
.300 5991.1 Oil .00 
.299 5975.4 -4.10 .00 
.300 6012.8 -1.96 .00 
•300 6007.0 .14 .00 
.300 6005.5 2.28 .00 
.300 6008,1 4.44 .01 
.300 5989.1 6.62 .01 
.300 5998.3 8.81 .01 
a300 6004.6 11.01 .02 
.300 5997.3 13.22 .01 
.300 6000.3 15.44 .01 
0300 6005a2 17.49 s03 
























































































































































































































-. 00210 .01216 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































996 RUN 80 
MACH 0 ALPHA BETA 
PA DEG DEG 
.499 14975.1 v42 -.01 
.500 14995,6 -4.51 -.02 
.501 15051.6 -2.00 -.01 
.500 15030.4 o45 -.01 
.500 15040.8 2.93 -.01 
.499 14987.1 5.43 -.00 
.499 14984.2 7a95 .00 
.500 15024.0 10.39 -.01 
,500 15017.6 942 -.01 












a300 6037.7 .10 -. 00 
 
.300 6027.6 -4.08 -.00 
 
.300 6035.5 -1.97 -.00 
 
.300 6041.6 ,13 -000 
 
.300 6037.5 2e26 .00 
 
.300 6033.3 4.38 .00 
 
.300 6021,0 6.56 000 
 
.300 6033.1 6.73 .01 
 
.300 6020.4 10.95 .00 
 
.300 6018.7 13.15 .00 
 
.300 6017.0 15942 .00 
 
.300 6024.8 oil -.00 
 
.400 10225,0 .20 -.00 
 
.400 10207.0 -4.24 -.01 
 
.400 10223.3 -2.00 -.00 
 
.400 10223.6 .23 -00 
 
.400 10231.3 2.47 .00 
 





















































































































































































































































































































NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 
996 RUN 83 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
PA DEG DEG 
.500 149'93B 933 -.00 .10100 e01759 900776 .00085 -.000l .00113 
a500 14993.0 -4o5 -.01 -.19357 .02152­ -.00027 .00190 .00009 .00116 
o.501 15047.2 -2,03 -.00 -.04004 .01625 -.00026 .00095 -.000,03 .00109 
Z 9501500 15044.l15'034.9 e352977 -.00.00 .09975,.2'5444 
.01753
.02312 .00839.00803' *00045.00197 
-900013 
-.00012 .00120.00098 
.500 14995.9 5a23 .o1 e419,42 90,3259 .O0309 .00217 -*00017 *00126 , 
..49'9 14965.0 7s75 .Ol .59,237 .04796 -.00191 .00291 -.000.16 .00062 
.499 14968.1 .33 -,.0 .10.131 .01751 *00773 .00047 -,00014 .00115 
N, 
e 0 






BETA C'L(SA), CDL(.S*A12 C.P'M,(SAL) CR'M(SA) CYM,(SA) CSF(SA) 3 
PA DEG DEG 
.3.00 6'021.4 o.i -.,00 ,.078.12' .0.1353 .00466 -.00074 -000000 00036 
*300 6032.1 -4.06 -.0o0 -15:9.41 .01541 o00215 .00128 .00061 .00078 
.o30 6043,7 -11..915 -00 -0158'9 .01327 .00115 .00048 .00b3 .00040 





















.3'00 60.1809 6.52 -00 .44281 .02965 .00606 .00019 -.00005 .00084 
.300 6,024.2 8.68 .oo .57247 .04043 .00292 900094 -.00003 .00056 
.300 6042.2 10.87 .00 .69356 e05490 .00482 .00124 -.0.0005 .00007 
.300 6041.4 13.07 .00 080019 .07587 °01342 .00145 .00003 -.00023 
a300 6028*8 15.30 go .90852 .10340 o02049 .00061 -.00005 .O016 
.300 60299 17.38 -00 1.00113 .13558 .02541 -.00062 -.00005 *00061 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 7 X 10 HIGH SPEED TUNNEL









































































NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 






















































































































































































7 X 10 HIGH SPEED TUNNEL


CPM(SA) CRM(SA) CYM(SA) CSF(SA)


.02510 .00543 -.00046 .00460


.00967 .00437 -,00040 .00470


.01134 .00462 -.0Q044 .00485


.02574 .00560 -,00046 .00461


.03529 *00474 -.00053 *00470


7 X 10 HIGH SPEED TUNNEL


CPM(SA) CRM(SA) CYM(SA) CSF(SA)


.01019 .00397 -.00038 .00433


.01667 *00459 -.00042 .00443


.02368 .00317 -.00055 .00437





















































































































































































































































.00110 -. 03106 
.00152 -. 03318 
.00208 -.03474 
.00270 -.03703 




NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL


14 RUN 13 
MACH a ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
NUMBER PA DEG DEG 
.600 201Z7.2 .83 3.74 *17802 .02170 o01749 *00043 .09080 -*02934 
.601 20174.6 -1.93 3.73 -.00765 .01g69 .00754 .00037 .ObO93 -.02855 
.600 20138.7 .90 3o74 *18215 .02188 #01722 .00059 .00078 -.02960 
,602 20231.0 2938 3o74 o29024 ,02661 .01768 -.00020 .00092 -.03063 
.601 20173,3 3,78 3,74 .36465 .03277 .01704 -.00007 o06113 -. 03196 
.601 20162.6 5.01 3.74 .44761 .03948 .01488 .00020 .06126 -. 03365 
.602 20207.0 6*45 3o74 o53547 s05068 .02033 .00197 .0q148 -03450 
.601 20150.1 7.81 3.73 o61045 .06350 a703155 .00385 .06196 -.03597 
.601 20150.7 9.08 3.72 .67246 .07867 .03774 .00456 .00214 -.03653 
.601 20'175,8 *88 3i74 .18760 .02192 .01706 .00060 .00079 -.02969 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 
14 RUN 14 
MACH 0 ALPHA. BE'TA C'L(,S' CD(SA), CPM(SA.) CRM(SA) CYM($A) CSF(SA) 
NUMBER PA DEG D'EG 
.651 22667a8 1.07 3'.75 ,2443' e02'3'8'6 .101985 *00169 00065 -. 02971 
.651 2'625.3 -1.685 3wr4 ,.0'0961 .02078 .00747 .00072 .00996 -*02860 
.651 2Z640.0 -. 40 3.75 .09761 .02122 v01716 .00188 .00074 -.,02843 
.651 2Z670.,5 1.17 3.75 w2'1275 .02420 .01953 .00129 .00683 -.02976 
.651 22'657.6 2.*74 3,.75 .32616 .03022 *02107 .00067 .00i,04 -.03125 
.651 2Z650,6 4.61 3.75 .42355 .03978 .01534 -.,00038 00135 -.03351 
.651 2,63Z&a6 5.42 3o75 .47458 .04575 *01767 .00043 .00149 -o03439 
.652 22&8,5.7 6.89 3.75 o56102 .05922 .02831 .00346 .00146 -*03494 
o651 226.513.3 8.31 3,76 o63622 .07613 903689 .00347 .00123 -.03467 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































 7 X 10 HIGH SPEED TUNNEL






































































































NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.00271 -. 01251 
.00257 -.01322 











































































































































































































































.00095 -. 01175 





















































.00002 -. 00635 
o00006 -o00639 
.00015 -. 00693 




.00089 -. 00997 
-.00033 -.00799 
.00015 -. 00683 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL


14 RUN 35 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
-. NUMBER PA DEG DEG 
.651 22691.3 .84 3,60 .15716 o01874 .01895 .00148 .00022 -.00714 
.650 22628.*0 -1.95 3.60 -.00569 .01670 .00284 -.00077 .00009 -.00640 
.651 22677.1 -.61 3.60 o05852 .01680 .01731 *0015,2 .00013 -.00669 
.651 22692.2 .B'5 3.61 *1549-9 .01881 ,01949 .00187 .00023 -.00729 
.652 2.2736.7 2.3-9 3.60 .26421 .02293 .01-643 .00205 .00036 -.00785 
.651 22711.4 3.78 3.60 .35701 s0 2812 .01074 °00133 .00048 -.00852 
.650 22659-..3 5.06 3.60 .425,46 .03367 .00097 -.00121 .00059 -.00955 
.651 22699,3 6.58 3.58 ,53076 .04253 -.00964 -.00446 .00061 -.00830 
o651 22683.7 8.00 3.58 .61735 e05492 -.00645 -. 00399 .00016 -.00771 
.650 22620.a 8;76 3.60 a64625 .06702 -.00167 -900352 -.00068 -.00687 
*651 22694.9 .82 3.61 .15563 .01868 .01911 .00218 .00023 -.00732 
-NASA .LANGUEY -7 X 10 HIGH SPEED TUNNEL 























.675 23-911.,0 -1.96 3.60 -006f71 .01802 *00626 .00021 .00019 -.00660 
.677 2400'-4 -.58 3.-60 *05685 e01824 .02175 *00248 .00024 -.00702 
.677 240.0897 o93 3.61 .15805 .02034 .02332 .00262 .00030 -.00765 
.677 23989,7 2.54 3,61 .27461 *02515 e01863 .00274 .00042 -.00805 
.676 23946o3 3.82 3.60 .35772 .03016 .01136 000091 .00048 -.00859 
.675 23918.7 5.20 3.60 *43049 .03540 -.00067 -. 00235 .00045 -.,00889 
.676 23924.9 6.72 3,59 e52444 .04537 -.00589 -.00141 *00082 -.01003 
.674 23855.5 8o65 3o59 *61431 .07720 -.00707 -.00061 .00077 -.01133 
.677 23974,1 090 3.61 916082 *02024 *02254 *00284 .00031 -.00755 
NASA LANGLEY 
 7 X 10 HIGH SPEED TUNNEL


14 RUN 37 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 





















0300 6027.6 .16 -4.11 ,09334 ,01372 .00209 o00405 .00002 s00789 
.301 6048.4 2.38 -4.10 923890 .01669 -.00299 .00511 -.00023 .00882 
*301 6063.4 4.51 -4.09 .37979 .02211 -. 00752 .00608 -.00063 .01025 
e301 6047.7 6.67 -4o08 *51857 .03164 -a01675 .00721 -.00108 .01134 
o300 6039o5 8°87 -4.05 .64031 .04685 -.01434 .00714 -.00127 e01114 
,300 6027o9 11.06 -4.04 .78011 o06739 -.02535 .00211 -.00168 .01414 
a300 6022.4 13.27 -4,00 .93719 o09470 -.04786 .00135 -. 00284 s01699 
.300 6041o2 15,48 -3.97 1.07727 .12750 -.06762 -900143 -. 00367 o02118 
.300 6015.0 16.28 -3.93 1.03452 .15850 -.06609 .01476 -.00112 .00098 
,300 6015.7 .12 -4.11 .09407 .01362 .00215 .00377 .00004 .00810 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 









CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
.601 20141.6 s63 -4.13 .13359 .01727 e01330 .00220 -.00038 e00946 
.604 20267.4 -2.00 -4.12 -. 01932 .01652 .00188 .00135 -.00021 .00811 
.603 20227.8 -.65 -4.13 .05047 o01604 .01205 .00083 -.00030 00881 
.602 20199.6 .70 -4.13 .13782 .01734 .01422 .00190 -.00039 .00965 
.602 20200.7 2.23 -4.12 .24455 *02074 .01206 .00325 -.00060 .01080 
.602 20171.6 3.53 -4.12 .33928 .02517 .00729 .00434 -.00082 .01185 
.601 20157.5 4.23 -4.11 .38301 .02788 .00340 .00500 -.00095 .01248 
o601 20155,9 4.77 -4ol .40682 .02944 -.00110 .00567 -.00102 .01329 
o601 20135.0 6.22 -4.09 *50104 .03762 -. 00663 .00727 -.00133 .01353 
.600 20091.2 7.58 -4.08 .58204 .04826 -.00372 .00917 -.00133 s01266 
.601 20115,8 8.85 -4,08 *63977 °06027 .00757 .00707 -.00117 .01286 
,601 20154.0 .68 -4.13 *14123 .01735 .01418 .00224 -.00040 ,00980 
NASA LANGLEY 
 7 X 10 HIGH SPEED TUNNEL







































































































.627 215,6,697 9.15 -4.09 .65998 .06822 *00293 .00923 -.00011 .01116 
.626 21534.9 .74 -4.13 o14279 .01840 .01645 .00195 -.00047 .01003 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 






























.651 Z2818.o0 -.62 -4.13 .04736 .01799 .01727 .00004 -o00049 .00935 































.651 22816.3 5o07 -4.11 *41437 .03359 .00098 *00570 -.00125 .01425 





















.651 22813.6 *82 -4.13 s14813 .01965 ,01924 .00159 -.00057 901048 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL


14 RUN 41 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
NUMBER PA DEG DEG 
.677 241082 .91 -4,13 .15351 .02128 .02311 .00070 -.00066 .01073 
.676 24079.4 -1.99 -4,12 -.01859 s01956 .00574 -.00129 -.00055 ,00882 
,676 24071.7 -s60 -4,13 .04698 .01933 o02106 -.00105 -.00061 .00965 
.677 24101.3 s95 -4.13 .15423 .02135 .02369 .00115 -.00065 s01068 
.676 24088.7 2o59 -4,13 .27392 .02619 .01944 o00216 -.00086 m01206 
.677 24106.0 3o95 -4.12 .36114 ,03155 .01288 .00395 -.00105 .01319 
.676 24072.7 4.79 -4.12 .38691 .03366 .00495 .00492 -.00117 .01416 
.676 24097.3 5.14 -4,11 .40648 .03534 .003'19 00550 -.00122 .01418 
.676 24083.4 6.69 -4.10 .50990 .04635 -. 00471 .00518 -.00157 o01565 
.676 24057.3 8.10 -4.11 .58538 .06548 -.00411 *00482 -.00145 .01715 
.676 24059.9 8o60 -4.09 s60277 .07619 -.00456 .00451 -.00198 .01844 
.675 24036.0 .90 -4.13 .15443 902113 .02302 .00140 -.00065 .01081 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 
14 RUN .42 
MACH Q ALPHA BETA CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
NUMBER PA DEG DEG 
300 6040.8 .13 -.00 .09776 .01419 .00101 .00157 -.00006 ,00083 
.300 6067.5 -1.98 -.00 -.04438 901497 *00578 000109 -00001 .00050 
.300 6068.8 -.89 -.00 .02676 .01410 .00309 .00173 -.00003 .00061 
e301 6080.1 .18 -.00 .10040 *01422 .00043 .00141 -.00005 *00085 
.300 6073.2 2.34 -.00 .24461 .01674 -.00497 900160 -.00005 *00120 
.301 6081,6 4,52 -.00 ,39057 s02287 -.01034 .00172 -.00010 ,00138 
.300 6063.4 6.67 .00 ,52787 903281 -.01962 .00155 -.00018 .00181 
*300 6049.6 8.88 .00 .64080 .04807 -.01093 *00401 -,00013 .00100 
.300 6057.2 11.07 .00 .79132 .06955 -.02396 o00312 -.00003 .00114 
.300 6059.2 13.29 -.00 a95603 .09731 -o04720 .00113 -,00014 .00258 
.300 6051.8 15.48 -.00 1,09058 .12800 -.06112 -. 00101 -.00024 000399 
.300 6075.1 16.55 -.01 1,14402 914508 -.06809 -.00201 -.00029 o00438 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 7 X 10 HIGH SPEED TUNNEL











CL(SA) CD(SA) CPM(SA) CRM(SA) CYM(SA) CSF(SA) 
o651 22630.3 1.07 -.00 .20531 .02560 e01733 *00178 -.00034 *00322 
.650 22544.5 -1.92 -.01 -900016 .02273 o00346 .00099 -000028 *00259 
a651 22614.1 
-.45 -000 008980 .02273 .01251 .00150 -.00034 000293 





















.651 22609.8 4.19 000 .40134 s03816 .01307 o00292 -.00045 .00313 
.648 22463.7 5.29 .00 .46816 .04568 .01151 .00317 -.00044 .00345 
o650 22554.1 6*88 .01 .56146 905988 .02406. .00422 -.00051 .00363 
.650 22561.7 828 .01 .64187 .07520 o03316 900463 -900057 .00366 y .650 651 22582.2 22633.5 8.75 1.09 .01 -600 .66475 *20722 .08312 s02565 .03560 .01783 .00384 .00205 -.00062 -. 00035 °00397 .00314 
I 
NASA LANGLEY 7 X 10 HIGH SPEED TUNNEL 









CL(SA) CD(SA) CP1(SA) CRM(SA) CYM(SA) CSF(SA) 
.677 23893.9 1.18 -.01 .21723 .02729 .01933 000233 -900032 .00328 
o676 23856.1 -1.86 -.00 .00993 *02372 .00288 .00113 -.00027 .00243 
.677 23920.4 































o675 23837e5 3.95 .00 .37809 o03850 o01304 .00335 -. 00044 .00339 
.676 23863.4 5.50 .00 .47793 904945 o01421 .00326 -.00042 .00370 
o676 23880,9 7.06 .01 .57039 .06407 e02475 e00342 -.00054 .00384 
o675 23829.0 8o50 001 .64874 .08786 °02958 o00360 -.00057 o00404 
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Fig. 1A -Model geometry and major dimensions (in meters)


h 3 .9 9 1 1VERTICAL TAII #1 & #3 
#1 - Symmterical 
double-arc 48.4 
section,
t/c 6% root Axis of13 
and 4% tip. 
#2 - Cambered(supercritical


















.6and 4% tip 






(All dimensions in cm.)
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Fig. 4 - Effect of fillets on longitudinal characteristics at M = 0.5
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Fig. 6 - Effect of airfoil modification on longitudinal characteristics


at M= 0.5 
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 7 - Configuration build-up effects on longitudinal characteristics 
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Fig. 8 - Configuration build-up effects on longitudinal characteristics 
at M= 0.5 
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Fig. 9 - Effect of vertical tail (VT#I) toe-in on longitudinal charac­
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Fig. 10 - Effect of vertical tail (VT#2) toe-in on longitudinal charac­
teristics at M = 0.3 
.16 
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Fig. 11 - Effect of vertical tail (VT#3) toe-in on longitudinal charac­
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Fig. 12 - Effect of' inboard flap deflection on longitudinal character­
istics at M1= 0.3 
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longitudinal characteristics at MA = 0.3 
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Fig. 1-4 - Effect of tip elevon deflection on longitudinal character­
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Fig, 15 - Effect of inboard elevon deflection on longitudinal charac­
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Fig. 16 - Effect of combined tip and inboard elevon deflection on


longitudinal characteristics at M = 0.3
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Fig. 17 - Effect of tip elevon deflection (with flaps at 30) on longi­
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Fig. 18 - Effect of combined tip and inboard elevons deflection (with 
flaps at 300) on longitudinal characteristics at M = 0.3 
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Fig. 21 - Effect of vertical tail (VT#i) deflection on lateral / 













































Fig. 22 - Effect of vertical tail (VT#2) deflection on lateral/
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Effect of vertical tail (VT#3) deflection on lateral/
Fig. 23 ­

AAo+inl characteristics at M = 0.3 
BTA. DEG. VTS 
0. 3.6 OFF 
0 0.0 OFF 
o 41 OFF 
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Effect of vertical tail (VT#3) on lateral/directional
Fig. 24 ­
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12 14 16 18 20 
Fig. 25 - Effect of vertical tail (VT#3) on lateral/directional 
characteristics at sideslip. Nacelles off, M = 0.6 
SA,DEG. SA,DEG. 
o 0.5.5.10 L 0.0.6.0 
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6 4 -2 0 2 4 6 8 ALPHA, DEG 
10 12 14 16 18 20 
Fig. 26 - Effect of aileron deflection (unsymmetrical) on lateral/


directional characteristics at M = 0.3
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Fig. 27 - Effect of aileron deflection (symmetrical) on lateral/ 
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Fig. 32 - Vertical Tail toe-in effect on (L/D)max.


















* Inboard flaps, F1 
L Both flaps, F1 & F2 
OTip elevons, ET 
,CTipelevons + 300 flaps 
A All elevona, ET & EI 
A7 All elevons + 300 flaps 













Fig. 33 - Lift and pitching-moment increments due to 
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Fig. 34 - Trimmed lift curve with 300 flaps. 
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Fig. 36 ­ (L/D)max and (M.L/D)max variation with
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Fig. 39 - Configuration build-up effects on directional 
stability. 
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